The leguminous tree Sophora japonica contains a family of closely related, but distinct, lectins. Different members of this family are independently expressed in seeds, leaves, and bark (CN Hankins, J Kindinger, LM Shannon 1987 Plant Physiol 83: 825-829; 1988 Plant Physiol 86: 67-10). The inter-, and intracellular distribution of the bark and leaf lectins was studied by indirect postembedding immunogold electron microscopy.
The leaf, bark, root, and stem tissue of several different legumes have been described as containing lectins or other immunologically CRM2 (8, 9, 14, 18, 20, 22; see Ref. 3 
for review).
Partial amino acid sequences of these nonseed lectins or CRM indicate that each of these proteins is closely related to, but not identical to the seed lectin of the same plant (8, 9, 14) . The lectins of legume seeds have been documented to be localized in storage vacuoles or protein bodies (see Ref. 3 for review). In contrast, immunologically related nonseed legume lectins have been localized by light microscopic immunocytochemistry in the vacuoles of soybean root tips (22) , the cell wall in Dolichos stems and leaves (4) , and the cytoplasm of Dolichos tissue culture and leaf cells (4, 13) . The apparent variability of the localization of nonseed legume lectins contrasts with the electron microscopic localization of lectin in the vacuoles of adult wheat roots (17) and the light microscopic localization of lectin in protein-storage vacuoles of the Elder tree (Sambucus) bark (7) .
Recent amino-terminal protein sequence and immunological cross-reaction data have shown that the seed, leaf, and bark lectins of the legume tree Sophora japonica are distinct but closely related gene products (8, 9) . We have used high resolution electron microscopic immunocytochemistry to localize leaf and bark lectins. These observations demonstrate that the leaf and bark lectins are sequestered in protein-storage vacuoles. ' Research in laboratory of L. M. S. is supported by the National Science Foundation.
2 Abbreviations: CRM, cross-reacting materials; TBST, tris-buffered saline containing Tween-20.
MATERIALS AND METHODS
Sophora japonica leaf samples were obtained from a tree growing on the U.C. Riverside campus (8) (19) . After labeling, the grids were washed with TBST, then with double distilled water, and were stained with 5% aqueous uranyl acetate for 20 min followed by alkaline lead citrate (33 mg ml-1) for 5 min. The grids were examined and photographed with a Hitachi H500 electron microscope.
RESULTS
LR White Resin Embedding. S. japonica leaf and bark tissues fixed with glutaraldehyde and formaldehyde, postfixed with OS04, and embedded in LR White retained structural preservation comparable to that normally results with epoxy resin embedding protocols (2) . The comparative advantages and disadvantages of various tissue processing protocols for electron microscopic immunocytochemical assay of plant tissues has been reviewed (11) . LR White-embedded tissue does differ from epoxy resin-embedded tissue in the staining characteristics of the chloroplasts. With this method the chloroplast stroma is intensely electron dense after staining with uranyl acetate and lead citrate ( (Fig. 2) , mitochondria (Fig. 2) , endoplasmic reticulum (Fig. 2) , and microbodies (data not shown) appeared to differ little in morphology and staining characteristics from material embedded in epoxy resin.
Immunocytochemical Localization of Leaf Lectin. At low magnification the leaf cells were observed to contain central vacuoles which occupy most of the cellular space. Unlike most leaf vacuoles, the vacuoles of Sophora leaves contain dense deposits of electron dense material. The leaf vacuole deposits in some cells are densely packed completely filling the vacuole, while in other leaf cells the vacuolar deposits are much more sparsely distributed (Fig. 1) The anti-Sophora-lectin serum has been previously shown to specifically cross-react with the Sophora leaf I and II lectins (8) as well as the bark lectin (9 Controls in which nonimmune serum was substituted for the specific serum in a parallel labeling reaction resulted in the absence of gold particles on the leaf vacuole protein deposits (Fig.   3) . Figure 4 shows a portion of a leaf vacuole which contains sparse protein deposits. The immunogold labeling is restricted to the protein deposits and is absent on the vacuolar sap.
Immunocytochemical Localization of Bark Lectin. Sophora bark was sectioned perpendicular to the surface to provide a transect through the tissue. The exterior surface and the outermost two cells of the bark are shown in Figure 5 . These cells contain either very few vacuoles or a single pleomorphic vacuole which contains sparsely distributed protein deposits. The density of the vacuolar deposits was observed to increase toward the interior of the 10 to 12 cell thick bark. Cells in the middle of the bark contain a single pleomorphic vacuole which is completely filled with protein deposits. Figure 6 shows one such cell located six cells from the exterior surface of the bark. Immunogold labeling of plastic sections of the bark showed that the lectin was exclusively sequestered in the protein deposits (Fig. 7) . The interior cells which contain completely filled vacuoles were observed to be more densely labeled than more exterior cells with more sparse vacuolar protein deposits (data not shown). The cell wall of the bark cells was devoid of gold particles although adjacent protein-storage vacuoles were labeled (Fig. 8) . this material functions as a nitrogen reserve for seed fill (6) . The bark of Elder trees (Sambuclus nigra) contain a phloem storage parenchyma which contains cells with a lectin localized in a protein-storage vacuole (7) which is thought to serve a seasonal storage function (15) . Similarly, the bark of apple trees contains storage proteins which provide seasonally available nitrogen reserves (10, 16) . Whether the abundance of the Sophora bark or leaf vacuolar proteins and in particular the lectin varies on a seasonal basis must still be determined.
The protein-filled vacuoles of legume seed cotyledons are usually termed protein bodies. The protein bodies contain the same spectrum of acid hydrolases as vacuoles (21) , and are derived from the subdivision of preexisting vacuoles during the course of seed maturation (1) . The presence of protein-filled vacuoles in nonseed tissues of S. japonica raises a question of terminology. Should the protein-filled vacuoles of seed tissues be differentiated from those of nonseed tissues? The term 'protein-storage vacuole' is descriptive of the morphology and the apparent function of the protein-filled seed, leaf, and bark vacuoles.
Previous light microscopic localizations of nonseed legume lectins in soybean (22) and Dolichos (4, 13) have resulted in an uncertainty of whether these proteins are localized in vacuole, cell wall, or cytoplasm. The much higher resolution afforded by electron microscopic immunocytochemistry has allowed us to determine that bark and leaf lectins are localized in the proteinstorage vacuoles. We have also been able to demonstrate that lectins are absent from many organelles or portions of organelles below the resolution capability of light microscopy.
It is interesting that the bark, leaf, and seed tissues have each evolved cells containing protein-storage vacuoles with a distinct tissue-specific lectin gene product (8, 9) 
